The present paper investigates the measurement of transient poverty when each person's welfare level fluctuates due to exogenous risk. The paper namely character izes the sensitivity of transient/chronic poverty decomposition with respect to the poverty line and to the expected welfare level so that the decomposition analysis will be based on solid theoretical foundations and be robust empirically. Theoretical results show that poverty measures associated with prudent risk preferences perform better than other measures in assuring that the value of transient poverty increases with the depth of chronic poverty and that the decomposition is not highly sensitive to the poverty line. Poverty measures such as those associated with constant relative risk aversion are thus superior to popular FosterGreerThorb ecke (FGT) measures such as headcount, poverty gap, and squared poverty gap indices. These theoretical arguments are confirmed empirically by the application of the decomposition to a twoperiod household panel dataset from rural Pakistan. The relative magnitudes of transient versus chronic poverty are more robust to changes in the poverty line when poverty measures associated with constant relative risk aversion are used than when FGT poverty measures are used.
Introduction
Suppose that a person's poverty status is defined by his/her consumption level relative to a poverty line z, which is given exogenously to this person. For example, person A's consumption is always below z with the deviation of, say, 25% of z. Then this person is always poor and his/her chronic poverty status is characterized by 25% deprivation relative to z. Investigating poverty from a dynamic perspective is expected to provide useful in sights for poverty reduction policies (World Bank, 2000) . Nevertheless, the measurement of transient poverty is a relatively underexplored area of research. If one is interested only in headcount measures, a cross section of individuals could be divided into four cat egories: the always poor, the transiently poor with their mean consumption below z, the transiently poor with their mean consumption above z, and the always nonpoor.
1 Given panel information, these categories can be analyzed using poverty transition matrices (Sen, 1981; Walker and Ryan, 1990; Baulch and Hoddinott, 2000) . Although useful, this analysis may not be satisfactory since the welfare cost of consumption variability for the always poor is likely to be ignored. 2 This argument is a dynamic extension of the criticism against the (static) headcount index for its tendency to ignore the depth of poverty below the poverty line (Sen, 1981 ).
1 As discussed by Hulme and Shepherd (2003) , another category can be added in the middle, the "churning poor," with their average consumption level close to the poverty line so that they are poor in some periods but not in other periods.
2 One way to incorporate the poverty depth in such analyses is to adopt more detailed categories such as "always very poor," "always moderately poor," "usually moderately poor but sometimes very poor," and so on. Ravallion (1988) proposed a powerful alternative to the categorical analysis. He exam ined the response of the expected value of a poverty measure to changes in the variability in a welfare indicator (i.e., consumption in this paper). If there is no fluctuation in con sumption due to risk, the expected value of a poverty measure becomes equivalent to the value of a poverty measure corresponding to the expected level of consumption. Because of this, later studies called the expected value of a poverty measure "total poverty," its component corresponding to the expected value of consumption "chronic poverty," and the residual "transient poverty." This terminology is also adopted in this paper. Since this decomposition is both practically manageable and theoretically founded on the expected utility hypothesis, it has been applied to a number of household datasets from developing countries to analyze the dynamics of poverty (Ravallion, 1988 ; Jalan and Ravallion, 1998; Ravallion et al., 1995; Baulch and Hoddinott, 2000) . These studies have shown that tran sient poverty is as important as chronic poverty and its relative importance differs across regions and across social strata. The relative importance of transient poverty adds infor mation not included in the total poverty measure. The additional information is valuable for a policymaker since it can be used to guide targeting and adjusting poverty reduction policies with due considerations paid to the vulnerability of consumption to risk.
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For this purpose, it is desirable that the decomposition analysis be based on solid theoretical foundations and be robust empirically. With this motivation, this paper re examines Ravallion's (1988) decomposition. The main question is to search for a transient poverty measure with a property that it does not decrease with the depth of chronic de privation and that the relative importance of transient poverty is not highly sensitive to the poverty line. In Section 2, the response of transient and chronic poverty decompo sition to risk, the poverty line, and income growth is discussed theoretically, associating that are additively separable, symmetric, taking the value of zero for the consumption level exactly at z, and nondecreasing with the depth of poverty. Then,
where p(x i ) = 0 when x i ≥ 1, p(x i ) > 0 when x i < 1, and ∂p/∂x i ≤ 0 when x i < 1.
Assuming that c i is stochastic, the expected value of P can be decomposed into chronic and transient components, à la Ravallion (1988) :
where E[.] is an expectation operator. The expected value P P is total poverty, its compo nent corresponding to the expected consumption P C is chronic poverty, and the residual 
Comparative Static Analysis
The stochastic nature of consumption is specified as c i = c i + � i , where � i is a zero mean disturbance with its cumulative distribution function F i (� i ). It is assumed that the distribution of � i has the following properties: Thus, to clarify these statuses, let S k be the set of individuals belonging to status k and let N k be the number of individuals belonging to S k , where k = 1 for the always poor, k = 2 for the usually poor, k = 3 for the occasionally poor, and k = 4 for the always 4 When c i and σ i 2 are timevarying, the theoretical argument in Section 2 holds with the addition of time subscript to the chronic and transient components. (3) and (4) can be rewritten as (5) shows the chronic poverty components attributable to the always poor group and the term in the second shows those attributable to the usually poor group. Similarly, the term in the first parenthesis of the last expression in equation (6) shows the transient poverty components attributable to the always poor group, the term in the second shows those attributable to the usually poor group, and the term in the third shows those attributable to the occasionally poor group. By definition (see table 1), the always nonpoor contribute neither to the transient poverty P T nor to the chronic poverty P C , and the occasionally poor do not contribute to the chronic poverty P C .
When ¯C
, and p i will respond. For an infinitely small change, however, the changes in N k are cancelled out according to equations (5) and (6) (table 2) .
Taking the secondorder Taylor approximation to the total poverty score for individual i who belongs to S 1 ,
i 2 which indicates that (8) indicates that the sign of ∂p Interpreting the poverty score function as a negative of utility function for the social planner, p ��� (x i ) < 0 corresponds to "prudence" discussed in the expected utility theory (Kimball, 1990) . When consumers maximize their expected utility defined over a strictly concave vonNeumann Morgenstein utility function, they are said to be prudent when the marginal utility is decreasing and convex in the average wealth level. The response of p i to σ i 2 is related to the sign of the second derivative of p(.) and thus de pends on whether the social planner is riskaverse, and poverty score functions associated with risk aversion satisfy Sen's "Transfer Axiom" for the total poverty measure. In con trast, the response of p T to c i is related to the sign of the third derivative of p(.) and thus i depends on whether the social planner is prudent, and poverty score functions associated with prudence satisfy the transfer sensitivity axiom for the total poverty measure.
Based on the approximation given in (8), the sign of ∂p i T /∂z when i ∈ S 1 can be
, which is the coefficient of relative prudence suggested by Kim
ball (1990). The net impact of an increase in z depends on the two impacts of such an īncrease: the decrease in � i /z and its effect through decreasing x i . Equation (9) indicates that the sign of the net impact depends on the degree of prudence. This paper treats it as desirable to have a property ∂p 
Examples
Two groups of poverty measures are investigated, for which exact conditions can be derived without using Taylor approximation, to determine the signs of ∂p T i /∂c i and ∂p i T /∂z when i ∈ S 1 . The first was proposed by Foster et al. (1985) , in a general functional form
when x i < 1, and p(x i ) = 0 when x i ≥ 1, where α is a nonnegative parameter. This group, known as FGT poverty measures, is widely used in empirical applications. The headcount index (α = 0), the poverty gap index (α = 1), and the squared poverty gap index (α = 2) are special cases included in this group. When α > 1, the function becomes strictly convex so that it has a property of ∂p i T /∂σ i 2 > 0. When α > 2, the function is associated with prudent risk preferences.
Another group of poverty measures was proposed by Clark et al. (1981) and its general form is 1 Out of 355 households surveyed in 1996, 304 households were resurveyed in 1999.
Among those resurveyed, three had been divided into multiple households 6 and two had incomplete information on consumption. Therefore, a balanced panel of 299 households with two periods is employed in this section. As shown by Kurosaki (2006) , attrition bias from using this subsample does not seem to be serious.
Average household sizes are larger in village A than in villages B and C, reflecting the stronger prevalence of an extended family system in village A. Average landholding sizes are also larger in village A than in villages B and C. Since the productivity of rainfed land is substantially lower than that of irrigated land, effective landholding sizes are comparable among the three villages.
In the analyses below, the welfare of individuals in household i in year t is measured by real consumption per capita (c it ). In the survey, information on the household expenditure on nonfood items, quantity of food items consumed, their prices, and the share met by domestic production was collected. The sum of annual expenditures on those items was converted into real consumption per capita, by dividing the household total consumption by the household size and by the consumer price index. 7 Average consumption per capita 6 In the survey, a household is defined as a unit of coresidence and shared consumption. A typical joint family in the region, where married sons live together with the household head who owns their family land along with their wives and children, is treated as one household, as long as they share a kitchen. 7 The actual number of household members was used in this paper as a measure of household size. Alternatively, the household size can be estimated in terms of an equivalence scale that reflects differences in the sex/age structure and corrects for economies of scale (Lanjouw and Ravallion, 1995) . Results under the alternative specifications were qualitatively the same as those reported in this paper.
is lowest in village A and highest in village C (table 4), although intravillage variation is much larger than intervillage variation. During the three years following the first survey, Pakistan's economy suffered from macroeconomic stagnation and an increase in poverty (World Bank, 2002) . Reflecting these macroeconomic shocks, the general living standard stagnated in the villages during the study period.
Empirical Results
To apply the theoretical decomposition to the dataset thus described, the official poverty line of the Government of Pakistan (CRPRID, 2002) is adopted as a reference poverty line. Based on this poverty line, 55.0% of individuals are classified as always poor, 13.1% as usual ly poor, 16.4% as occasional ly poor, and 15.5% as always nonpoor (see the last rows of table 5). Table 5 reports decomposition results for several choices of popular poverty measures.
The total poverty P P according to equation (2) is defined as the average of poverty measures calculated for each period using the observed consumption. Using the poverty gap index, P P is estimated at 21.3%. Reflecting the low living standard in the study villages, this figure is substantially higher than the one estimated for the entire country The chronic poverty P C according to equation (3) is calculated on the basis of the twoperiod mean consumption. By subtracting P C from P P , one derives the measure for transient poverty (P T ) . Since the properties of the total poverty measure P P are examined in detail in the existing literature and those of P C can be examined in an analogous way, the focus here is on the absolute value of P T and its relative importance.
The relative measure, P T /P P = P T /(P C + P T ) is adopted for two reasons: first, it has the intuitive meaning of how much of the observed poverty can be attributable to the variability of consumption, and, second, it is widely used in the literature (Ravallion, 1988 ; Jalan and Ravallion, 1998; Ravallion et al., 1995; Baulch and Hoddinott, 2000).
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Transient poverty is indeed large in this sample -it is estimated at 0.017 (19.5% of the total poverty) when the squared poverty gap index is used and 0.040 (14.3% of the total poverty) when Watts' poverty measure is used. As expected from the definition of these poverty measures, the relative importance of transient poverty increases when α increases and β decreases. (table 2) . In contrast, the direction of change in transient poverty (P T ) is indeterminate theoretically (tables 23). Table 5 shows that In calculating these numbers, the observed changes in consumption are treated as actual changes that happened to households due to transient shocks such as weather, diseases/injuries, and macroeconomic fluctuations. It is however possible that some of the actual changes were attributable to sustained growth or decline (i.e., social mobility) and some of the observed changes were due to measurement errors. Since the field survey indicates that cases with sustained growth or decline were very rare, it is safe to rule out the possibility of social mobility in the empirical analysis as in the theoretical section.
To control for measurement errors, a decomposition based on fitted values of chronic and transient consumption was also attempted, in which instrument variables such as house hold characteristics that contribute to generating permanent income and various variables that proxy transient shocks were employed to identify each component of consumption.
The results, which are reported by Kurosaki (2003) , were qualitatively the same as those The sign of expression (19) can be evaluated by investigating the curvature of x i with respect to x i . When β < 0, the function becomes strictly convex so that the whole expression within the bracket in expression (19) becomes positive, resulting in ∂p T i /∂z > 0. When 0 < β < 1, the opposite occurs so that the derivative becomes negative.
The sign of expression (20) is indeterminate in general. When β ≥ 0, the first term in the last expression becomes nonpositive and the second term becomes negative, implying that the sign of the whole is negative. When β < 0, these two terms have opposite signs.
The sign of the whole expression is therefore indeterminate, although it becomes positive when β is sufficiently negative. 
Always poor Notes: (1) "Average per capita consumption" shows household averages of individual consumption c it , with household size used as weights.
(2) "Average farmland owned" is an average over all sample households. 
